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OPUTUHAAbHAS CTATbA

COAEPXAHMUE KPEMHUA, BAHAAUA, HUKEAS, OAOBA U CTPOHLLUA
B BOAOCAX, CbIBOPOTKE KPOBU U MOYE Y CTYAEHTOB
U3 CTPAH LLEHTPAABHOW A3UWN U BAUXXHETO BOCTOKA
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PE3FOME. Ilexnn paGoThl — cpaBHUTEIBHBINA aHATH3 COACPIKAHHMS KPEMHHS, BAHAMS, HUKES, 0J10BA U CTPOH-
ous B Tpex 6mocyoOcTparax (BOJIOCHL, CBIBOPOTKA KPOBH M MOYa), B3ATHIX Y POCCHIICKMX M MHOCTPAHHBIX CTYICHTOB
Poccuiickoro yauBepcurera Aapyxx0s1 Hapomos (PYIH) mepBoro roma o0ydeHHs U onpeneneHne 0cOOEHHOCTH 3Je-
MEHTHOTO cTaTyca yvamuxcsi i3 MockoBckoro peruona Poccun, ctpan LlentpansHoit A3uu u bimxHero Boctoka B
MIEPHUOJ MX aJaNTalli K HOBOMY MECTY IpeObIBaHMS U O0YUICHUS.

Matepuajbl 1 MeToAbl. OmpeneneHsl 0COOCHHOCTH 3JIEMEHTHOTO CTaTyca yJamuxcs u3 MOCKOBCKOTO perrmoHa
Poccun, crpan LenrpansHoit A3un u bmkaero BocToka B meprnon ux aganrtaiud K HOBOMY MECTY HpEOBIBaHUS U
oOyuenwns. [l aHann3a UCTIOIb30BaH METOJ] MaCcC-CIIEKTPOMETPHH C HHAYKTUBHO cBs3aHHOH 1azmoit (MCII-MC).

PesyabTatsl. [IpoBeeHHBIN aHANNA3 CBHUICTENHCTBYET O MOBBIICHHOW KYMYJISIIIHA HEKOTOPBIX 3JIEMEHTOB, OCO-
OCHHO HUKENs, BaHAIUS M KPEMHHS B OpPTaHU3ME MEPBOKYPCHUKOB, MPUOBIBIIMX W3 cTpaH LleHTpanbHON Asnu U
Brwkaero BocToka 1mo cpaBHEHHUIO CO CTyIeHTaMu U3 MOCKOBCKOTo perroHa Poccun. B OyayiieM 3To MOXeET OKa3bl-
BaTh HETATHBHOE BIMSHUE HAa COCTOSHHE 3I0POBBS M CIIOCOOHOCTh K OOYYCHHIO CTYIEHTOB-HHOCTpaHIeB. Ciemxyer
OTMETHTB, YTO HEKOTOPBIC M3 MPECTABICHHBIX 3JIEMEHTOB 00JIAaf0T MAJIOM3YICHHBIMU TEPAIEBTUICCKUMU AP dek-
TaMH.

BoiBoabl. HeoOxomuMbl nanbHEHIINE UCCIeI0BaHUS BIMSHUS 3JIEMEHTHOTO CTaTyca Ha 3J0pPOBbE JIIOJEH, KOTO-
pBIe MOTYT OBITH TIOJIOKEHBI B OCHOBY pa3pabOTKH HOBOM CHCTEMBI CKDUHHUHTA U TIPO(HUIAKTHKH.

KAKOYEBBIE CAOBA: sneMeHTHBIN CTaTyc, BOJOCHI, CBIBOPOTKA KPOBHM, MOYa, KPEMHHM, BaHAJIWM, HHUKEINb,
0JIOBO, CTPOHIIMM, CTYJEHT.
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BBEAEHUE

OCCECHIHAJIBHBIX JJIEMEHTOB, HAIIpUMEP, KaJIbIUid

B mupoBoii npakTuke HaOUpaeT MOMyJspPHOCTD
TEH/ICHIIUS JICUCHUS PA3JIMYHBIX MMATOJIOTUH MyTeM
HCCIEAOBAHUS U KOPPEKIMHU AJIEMEHTHOIO cTaryca
yenoBeka. Ha maHHBIIT MOMEHT HMMEETCS JOBOJLHO
Majio paboT, KOTOpHIE JaBajal OBl MPEACTABICHUE O
TOM, KaK COCTaB MHUKDPO- ¥ MaKpOdJIEMEHTOB MOXKET
KOppENHPOBaTh C MECTOM MpOoXXKUBaHUs Tozeit. [1o-
JTydaeMble M3 OKpPYXAIOLIEH Cpeapl JIeMEHTHl OKa-
3BIBAIOT HA OPTaHU3M CEPHE3HOE BIUSIHHUE, YTO TOJI-
TBEPXKIACTCSI MHOTOUYMCICHHBIMH HCCIICAOBAHMSIMHU
(Ckanphspri, 2004; Yadav, et al. 2023). DTo kacaetcs
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(Ca), maraus (Mg), docdopa (P), kamms (K), Hatpus
(Na), a Takxe YCIOBHO 3CCEHIMAIBHBIX — BaHaIUs
(V), kpemuns (Si) u gpyrux. OcoOEHHOTO BHUMAaHUS
TpeOyIOT K cebe TOKCHUYHBIE JJIEMEHTHI, TaKue Kak
Hukenb (Ni), ooBo (Sn), crpontmii (Sr) (CxambHBII
2004; Ilonsuckast, 2014).

Hukenb ¥ 0JOBO aKTUBHO HCHOJNB3YIOTCS B
MPOMBIIUIEHHOCTH, YTO MPUBOIUT K 3arpsA3HEHHIO
oKpykatomei cpenpl. OCHOBHBIMU IyTSMH IOTNaaa-
HUSI 3TUX METAJUIOB B OPTaHHU3M UEJIOBEKA SIBIISIOTCS
MUTaHUE, BJbIXaHWE W OCEelaHHe Ha KOXKE YaCTHII
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meun (Martinez-Morata, et al. 2023). CoenuHeHus
oJioBa 00Jagar0T BBICOKOH IUTOTOKCHYHOCTBIO,
BITUSIS HA MaKPOMOJICKYJIbl KIICTKA M (DYHKIIMH MH-
toxouapuii (Munaesa, et al., 2021). B uccnenosa-
aun (SIkosneBa, 2007) moka3aHo, YTO HUKEIL M €0
COCTMHCHUS CIIOCOOHBI HMHTHOHMPOBATH IIPOIIECCHI
penapanuu JJHK 1 oTHOCATCS K KaHIIEpOreHaM mep-
Boil rpymmel mo kiaccupuxkaumu MAUP (IARC,
1990). Ha mMozmensx >KHBOTHBIX MPOJIEMOHCTPHPOBA-
HO, YTO HHKEJIbh MOXKET OBbITh CBS3aH C W3MEHEHHUSMHU
JIBUTATEIHHON aKTHBHOCTH, NTAMSITH M HapyIICHHAMHA
o0y4eHunsi, HapsAAy C HAIWYHEM TPEBOXKHBIX U Je-
MIPECCUBHOTIOAO0OHBIX CHMIITOMOB. HUKeNb cTHUMYITH-
pyeT HEHpPOTOKCHYHOCTh, B MEPBYIO OYEpEb 3a CUET
WHIYKINU OKHCIUTENBHOIO CTpecca, KOTOPBIN MpHBO-
IIMT K HapylieHusiM QyHKIui HelpoHoB (Baj, 2023).

Ha opranusm uenoBeka CTPOHIIMA OKa3bIBaeT
TOKCUYECKOE JIEUCTBUE KaK HEPBHBIM M MBIICYHBII
s, ['mnpokenn crpornus (Sr(OH),) BeI3BIBaeT 03ko0-
TH CIIM3UCTOM 000JI0ukH U Koxu. [lonaganue coneit
CTPOHIIMS TIEPOPATBHBIM ITYTEM MPUBOJUT K KHIIIEY-
HO-)K€JIy JOYHBIM pacCcTpoiicTBaM M mapanudam. [Ipu
M30BITKE CTPOHIINSA B OPTaHU3ME TEIUTOKPOBHBIX TT0-
pakaeTcsi TpeX/Ie BCEro KOCTHAas TKaHb, NMEYCHb U
kpoBb (Cepreesud, 2012).

W3BecTHO, UTO KPEeMHUH Ba)KCH JIJIsl ONTHMAb-
HOTO CHHTE3a KOJUIareHa W aKTUBAIMU (EPMEHTOB
THAPOKCUIIMPOBAHMS,  IMOCKOJBKY  yBEJIHYHMBAET
MIPOYHOCTh HOTTEW, CHI)KAET PHCK BBHIMAJICHUS BO-
JIOC W TIOBBINIAET 3JIACTHIHOCTH KOXKH (Araujo, et al.
2016). OgHako B COCTaBe HEKOTOPBHIX COCIUHEHHUIA,
Hanpumep anokcuaa kpeMuus (Si0;), 3TOT XxuMuye-
CKHUH 3JEMEHT MOXKET OKa3blBaTh IOBPEkKAANOLIEE
JIeHiCTBHE Ha KIICTKH JKUBOTHEIX M UEJIOBEKA in Vitro,
KpOM€ TOTO, OH 00Ja/aeT WHTAJSAIMOHHOW TOKCHY-
HOCTHBIO (3aifiieBa, et al., 2014).

CoenvHeHUsT BaHAIWs YacTO IMPHUMEHSIOTCS B
TSKEJIOU MPOMBILIUICHHOCTH KaK NpY MPOU3BOJICTBE,
TaK M B KaYSCTBE KATaJIN3aTOpa XUMHUYECKUX peak-
nuid. M3-3a pacTyliero MCIOJb30BaHHS ITOrO 3JIe-
MEHTa YBEITMYHUBAETCS PUCK NMPOECCHOHAITBHON HH-
TOKCHKAI[H, a Tak)Ke BO3ICHCTBHE Ha OKpYIKaro-
myro cpeny (Fatola, et al. 2019). MmeroTcs nanHbIe
0 HEHPOTOKCHMYHOCTH BaHAIUs, OJHAKO B MallbIX
KOHIIEHTpAIUsIX OH HE OIAceH, U €ro COeAMHEHUs
MOTYT UMETh MEIUIIMHCKOE IPUMEHEHHE B Ka4eCTBe
peryisTopa MeTabonumdecknx (yHKIANA OpraHm3Ma
u ummyHocTaMysiTopa (Tripathi, et al., 2018).

WHocTpaHHBIE CTYAEHTHI MEPBOTO TOa 00yde-
HUS WUMEIOT Pa3JInYHBIN DJIEMEHTHBIH CTaTyC, YTO
MOJXKET CKa3bIBaThCsl Ha MPOIECCEe UX aanTaluu K
HOBBIM YCIIOBHSIM B Apyroil crpane. To ke camoe

MOJKET KacaThCsl YYaIUXCS W3 Pa3HBIX PETHOHOB
Poccun. BenenctBue 3Toro npoBeieHHOE aBTOpaMu
UCCIIEJIOBAHNE AKTyaJlbHO C TOYKHM 3pEHHUs pas3pa-
0OTKM METOAMK CKPHUHHHTA U KOPPEKIMH DJIEMEHT-
HOTO craryca uyemoBeka (Skalny, et al., 2019;
Rakhmanin, et al., 2020).

Hens mccnenoBaHUS — IpOAHATH-
3UpOBaTh COJEP)KaHUE KPEMHUS, BaHaIus, HHUKE,
0JIOBa U CTPOHLUS B Tpex OMOCyOcTpaTax, B3ATHIX Y
POCCHICKHX M HHOCTPaHHBIX CTyAEeHTOB Poccuiicko-
ro yHUBepcUTeTa Ipy)0sl HapomaoB (PY/IH) nepso-
ro roma OOyYEHHS, W OIPEICIUTH OCOOCHHOCTH
AJIEMEHTHOTO CTaTyca ydammxcsi u3 MOCKOBCKOTO
peruona Poccun, ctpan Lientpansaoit Asun (LIA) u
brnvxuero Boctoka (BB) B nmepuon ux agantaiuu K
HOBOMY MECTY IpeObIBaHUA U O0YUCHHUS.

MATEPUAABI U METOADI

B mepuox ¢ 1 centsops 2022 1. mo 1 sHBaps
2023 r. nabopatopuss AHO «llentp Onotnmueckoit
MEIUIUHB»Y TpOBeJia ONpEeACICHUE 3JIEMEHTHOTO
craryca 350 crynentoB PY/IH umenu Ilatpuca Jly-
MyMOBI TIepBOTO Toma oOydeHus B Bo3pacte 1826
JIeT, TPOXKUBABIIUX paHee B cTpaHax LleHTpanbHOU
Asun (170 gen.), bmmxaero Boctoka (60 venm) u
paitonax LlentpansHoit Poccun (120 gen.). Cpeanuit
Bo3pacT obcnenyembix 22,7 + 3 roma. ['enpepHoro
pasuuus B TPYNNax CPaBHEHHs HE YYUTHIBAIIM.
Kputepusimu UCKITIOUEHHUS SBISIIOCH HAJTMIUE COMa-
THYECKUX 3a00JIeBaHUH W CHEIUPUICCKHAE IUCTHI
(BereTapmaHCTBO, chIpoeneHue). (OcrmemoBaHue
NPOBOAMIM B pPaMKax MEpPBOrO MEIULMHCKOTO
OCMOTpa TMpPH TMOCTYIJICHHH B YHHUBEPCUTET, HETO-
CPEACTBEHHO Mocie npue3na B MOCKBY, € IENbIO
WCKJTIOYEHHUS BIMSAHUS COCTaBa MECTHBIX MPOIYKTOB
Ha 3JIEMEHTHBINA cTaTyc. KonnuecTBeHHas OLEHKa B
Tpex OmocyOcTpaTax (BOJIOCHI, MOYa, BOJOCHI) MO
MSTH XUMHYECKUM dJeMeHTaM (KpeMHHI, BaHAIui,
HUKEIb, 0JIOBO, CTPOHLIMI) BBIIIOJHEHA B Jaboparto-
pun  AHO «lleHTp OHWOTHYECKOH MEIUIIUHBD)
(MockBa) METOAOM MAaccC-CHEKTPOMETPUH C WHIYK-
tiBHO cBs3aHHOW MasMoi (MCII-MC) mo craH-
nmaptHoit Metomuke (2003).

VY o6cnenyeMbIx TpOU3BOAMIN 3a00p 00pa3oB
BOJIOC, MOYHU M CBIBOPOTKH KPOBH.

UccnenoBanust MpoBeACHBI B TIOJIHOM COOTBET-
CTBUM C dTHYECKUMH CTaHJApTaMH W MPEIIUCAHU-
MH, 0003HAaUCHHBIMH B XEIIBCHHCKOW IeKIIapariuu
«JTHYeCKre TPUHIUIIEI TMPOBEACHUS HAYYHBIX HC-
CJIeIOBaHMI ¢ y4acTueM uenoBeka» (1965), u ee 60-
Jiee MO3AHUMH pepakuusmu. [lepen BkIroueHHEM B
rpynmy oOcieayeMblX BCeM YYacTHHKaM ObuIH
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O3BYUYEHBI e W 3aJa4d HCCIIEIOBAaHHS, a TaKXKe
OOBSCHEHBI BCE MPOBOJUMEBIC MPOLEAYPHI C MOCe-
OYIOUIMM TIOJlydYeHHeM HH(OPMHPOBaHHOTO COTJIA-
CHsI Ha y4acTHe B 00CIIeIOBaHUH.

s aHanm3a BOJIOC WMCTONIb30Bajiach PUKOPHE-
Bas (2—3 cM) YacTh TpsEH, COCTPIKEHHBIX C 3aThI-
JIOYHOM YacTH rojoBel. OOpa3ibl Booc, 00pabaThBa-
mum aneroHoM (OCY) nsst 00e3KUpHBaHUS U Y IATICHUS
MOCTOPOHHUX BKIIFOUEHUH (YacTHI MBUIH, OBITOBBIX
XUMHUKaTOB) B TeueHrne 10—15 MUH U TPHKIIBI TPOMBI-
BaJTM JUCTHJLTUPOBAHHON BOMOM. 3aTeM 0Opa3Ilhl BhI-
CYIIMBAJIA 10 BO3IYITHO-CYXOTO COCTOSTHUSL.

[Tpo6omoATrOTOBKY TPOBOIWIA C HUCIOJIH30BaA-
HUEM MHKpPOBOJIHOBOro pasnoxenus: 0,05 r Bomoc
MOMeEIIaNH B TE(QIIOHOBBIN KOHTEWHEp U JA00aBISIIH
1 MJI KOHLIEHTPUPOBAHHOW a30THON KHCIOTHI. Pa3-
JIOKEHHUE OCYIIECTBIILIOCh B MUKPOBOJIHOBOM Tedn
Berghof speedwave®four (Berghof Products +
Instruments GmbH, ['epmanus) B Tedenue 20 MuH
npu Temmepatype 170-180 °C.

CpeHIO MOPIMI0 YTPEHHEH MOYM OTOMpaIi B
CTaHJapTHBIE MOJMIIPONUIICHOBbIE KOHTEHHEpHI. [lo-
JTydeHHBIE 00pa3Ibl pa30aBisUId AUITIOEHTOM B COOT-
vomernnu 1:15. JlumoeHT cocTout no oowvemy u3 1%
1-Butanol (#1.00988, Merck KGaA, I'epmanmus),
0,1% Triton X-100 (Sigma #T79284 Sigma-Aldrich,
Co., CIIA) u 0,07% HNO3 (Fluka #02650 Sigma-
Aldrich, Co., CIIA) B TUCTHULTMPOBAHHOW JIEUOHU-
30BaHHOM BOJE C VYAENBHBIM CONPOTHBICHHEM
18,2 MOwm-cMm (#9000602, Labconco Corp., CIIA).

KpoBb 13 JOKTEBOI BEHBI Opalii ¢ WCHOJIB30-
BaHHUEM CHCTEMBl Ui B3STHS BEHO3HOW KpPOBH
«Vacuette» (Greiner Bio-One, ABctpusi) ¢ mocie-
IYIOIIUM HeHTpUu(yTrupoBaHueM B TedeHue 10 mMuH
mpu 1600 06/MuH 1 0TOOPOM CHIBOPOTKH B TIPOOHP-
ku Tuna Eppendorf. Oty nporeaypy ocymiecTBisiia
MIpOLeAyPHAS METUIIHCKAsI CecTpa B YCIOBHSIX Ja-
6opatopuu. [y MOMydeHHs! CBIBOPOTKH KPOBB OT-
Oupanu B cucTeMbl Vacuette — KpacHash KpBIIIKa
(Greiner Bio-One International AG, 4550 Krem-
smiinster, Austria). KoHTponbs kadecTBa aHaAJIM30B
IIPH UCCIIEIOBAaHUH DIIEMEHTHOTO COCTaBa CBHIBOPOT-
K KPOBH TPOBOIMIN C UCMOIB30BAHHUEM CTaHAAPT-
Horo obpasna ClinChek Plasma Control, level 1u 2,
I'epmanus.

OO6pa3ziupl XpaHWIHN B XOJOIAWIBHON Kamepe mpu
—40 °C, TpaHCIIOPTUPOBAIH B JaOOPATOPHUIO B 3aMO-
POXEHHOM COCTOSIHUU B TepMOKOHTeiHepax. [lepen
aHAIIM30M 00pa3Ibl CHIBOPOTKH KPOBH M MOYH ITOJI-
Beprajiv npoOOoMoAroToBKe, KOTOPYIO BBITIONHSIIMA B
COOTBETCTBHU C METOAMYECKHMMH PEKOMEHIALUSIMH
«Ilopsimox 3abopa, XpaHEHHUS U TPaHCHOPTHPOBKHU

O0mocyOcTpaToB [T OTIpeAENeHHs] XUMHIECKUX dJIe-
MEHTOBY», pa3paboTanHeiMu AHO «llentpom Owuo-
TUYECKOW MEAWIMHBI». AHANIW3 HCCleayeMble 00-
pastoB npoBoawnau B yaboparopun AHO «Lentp
OMOTHYECKOH MEIHMIIMHEBD), aKKpeIUTOBaHHOW B De-
JIEpaJIbHOM areHTCTBE IO TEXHUYECKOMY PETYJINPO-
BaHWUI0O W METPOJIOTUM (aTTecTaT aKKpeIUTaluu
POCC RU.0001.22I1405). ITomyueHnbie oOpa3ubl
Hanpsimyto BBomwin B MCII-MC-cucremy Nexion
300D (PerkinElmer Inc., Shelton, CIIIA), ocHaieH-
HYIO Ta30HAITOHIEMON sueikoi cuctemMsl DRC mst
yaaneHus: uHTep(hEepeHInii U CEMUITIOPTOBBIM T03H-
pytouum knanaHoM FAST, a Takke aBT0103aTOpOM
ESI SC DX4 (Elemental Scientific Inc., CILIA).

Craructuyeckyto 00pabOTKy AaHHBIX IPOBO-
IWIA C WCIOJB30BAaHHEM IPOrPaMMHOIO IIaKeTa
Statistica 10.0 (StatSoft Inc., 2011) mma OS
Windows wu Microsoft Excel mma Microsoft
Windows. PacnpeneneHune AaHHBIX O COACpKAHHUU
XUMHYECKUX DJIEMEHTOB HE SABIAIOCH [ayCCOBCKUM
B COOTBETCTBUM € pe3ynpTaTamu TecTa lllammpo—
Yunka. B cBsi3u ¢ 3TUM MeaMaHa ¥ TpaHULbI 25-T0 U
75-r0 TEpLUEHTWIEH HCIO0JIb30BAMCh B KayecTBE
ONMCATENIbHBIX CTATUCTHUK. J[OCTOBEpPHOCTH TIpyI-
MOBBIX pPa3IU4YMi OLEHUBAIUM C MNPUMEHEHUEM
U-kputepuss Manna—YutHu. [ns Bcex craTtuctuye-
CKHX TECTOB YPOBEHBb JIOCTOBEPHOCTH OIpEAEIsIN
kak p<0,05.

PE3YABTATbI U OBCY)XAEHUE

Pe3ynbTaTel mpoBeNeHHOTO WCCIEOBAHUS Jie-
MOHCTPHUPYIOT CYIIECTBEHHBIE DPA3NUYMS COAEpIKa-
HUSI KpEMHHSI, BaHAIHs, HUKEIS, 0JIOBA U CTPOHLMS
B Tpex OmocybcTparax nmepBOKYpPCHUKOB.

Coneprxkanrie KpeMHHS B BOJIOCAX CTYJCHTOB U3
ctpan biamxkaero Bocroka B 1,6 paza 6osbie, yeM y
ctyaenToB MockoBckoro peruona Poccun (p<0,003),
a B BOJIOCAX CTyJEHTOB U3 cTpaH LleHTpansHol A3un
B 1,4 paza Oonplie, 4eM B BOJOCAaX CTYICHTOB H3
MockoBckoro peruona Poccun (p<0,001). Kpome To-
ro, cofiepkaHhe KpEeMHHS B BOJIOCAX CTYAEHTOB W3
ctpad bnwxuero Boctoka u lleHTpanbHoil Asumn
pasnniaeTcs HesHaunTenbHO (p=0,687) oTimune cra-
TUCTUYECKU HEJIOCTOBEPHO (Tadu. 1).

KoHuenTpauus BaHaaus B BOJOCAax CTYICHTOB
TpeX PErHOHOB pa3iHyaeTCs He3HAYUTeNbHO. B Mo-
4ye cojep)kaHre BaHAIWS y CTYIEHTOB M3 MOCKOB-
ckoro peruoHa Poccun B 7,2 u 4,6 pasa MeHbIIE,
YyeM y CTyIeHToB u3 crpaH LleHTpanbHON A3umn
(»<0,001) u bnmxuero Bocroka (p<0,001) coorer-
CTBEHHO, a Yy CTYAEHTOB M3 cTpaH lLleHTpambHOU
A3sum B 1,6 pa3za 60bIIe, 4eM y CTYICHTOB U3 CTpaH
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Bmmxaero Boctoka (p<0,001). B ceiBopoTKe KpoBU
y CTyA€HTOB U3 MockoBckoro pernona Poccuu B 4,7
u 4,2 pa3a Oosbliie, 4eM y CTyIEHTOB U3 cTpaH Llen-
TpampHOH Asum (p<0,001) u bmmwxsaero Bocrtoka
(p<0,001) coorBeTCTBEHHO (TA0II. 2).

CopnepxaHue CTPOHLMS B BOJOCAaxX CTYACHTOB
n3 Mockosckoro pernona Poccun B 1,5 pa3a 60:b-
IIe, 4eM B BOJIOCaxX CTYAEHTOB M3 cTpaH bmmknero

Boctoka (p=0,443), oTnuune CTaTUCTHYECKU HEIO-
CTOBEpHO, U B 1,6 pa3a MeHbIIIE, UeM B BOJIOCAX CTy-
JIeHToB u3 cTpal LlenTpansHoi Azum (p=0,216), ot-
JU4YMe CTaTHCTHYECKH HEIOCTOBEepHO. B Bomocax
CTYJIeHTOB W3 cTpaH bauxuero Bocrtoka conepxa-
HUE CTPOHIMA B 2,3 pa3a MEHbIIe, YEM B BOJIOCAX
ctyneHToB u3 ctpaH LlenTpanproit Asum (p<0,013)
(tabm. 3).

Tabamua 1. CoaepXxaHne KpeMHusl (MKT/r) B BOAOCAX CTYAEHTOB
n3 cTpaH LeHTpaasHoi Asun (LLA), BauxxHero Boctoka (BB), MockoBckoro permoHa Poccuu (MP)

[MokazaTens Henrpanbhas Asust banxunii Boctok MOCKOBCKHIi PErHOH
(n=66) (n=55) (n=70) p
Me 30.1 34,3 21,2 piBvsiia = 0,687
Q-Qs 24,1427 26,2-43,5 15,4-33,4 pupvsita <0,001 papisss <0,003

[IpumeuaHnue: TaHHBIC IPEACTABICHHI B Buie Meauansl Me, HkHero Qs u BepxHero Q7s kBaprmieit (Q1 — Q3), #n — uncio

obcnenyemsix; p<0,05.

Tabamua 2. Coaep>XXaHne BaAHAAUS B PA3AMYHbIX BMOCYBCTPATAX CTYAEHTOB
M3 cTpaH UeHTpaabHoi Asum (LLA), BamxHero BocToka (bB), Mockosckoro permoHa Poccum (MP)

HenTpanbHas Bovoxuauit MockoBckwii
Cyoctpar [Toxazarenp P
Azns Bocrox peruoH
n 66 55 70 -
Boutocsr (MKT/T) Me 0,018 0,024 0,022 PEBystia=0,998 pmpysiia =
= 0,929 pmpvssB=0,986
Qi—Qs 0,015-0,021 0,012-0,041 0,013-0,039
n 152 55 46 -
Mowua (MKr/mi1) Me 0,000567 0,00036 0,000079 pEBysiia<0,001 pmpysiia <
< 0,001 pmpvs<0,001
Q1—Qs 0,000393-0,000815| 0,000096-0,00066 | 0,0000531-0,00013
n 170 60 120 -
C
. OZ:‘(’EI’(E‘;H) Me 0,001341 0,00148 0,006241 PiBveiia<0,051 puipsiia <
P < 0,001 pupuss<0,001
Qi—Qs 0,001169-0,001628| 0,00125-0,00424 | 0,005519-0,006689

IIpumeuanue:cm tabdm. 1.

Tabamua 3. CoaepXaHme CTPOHUMA (MKr/r) B BOAOCAX CTYAEHTOB U3 CTPAH
LeHTpaabHoMi A3un (LLA), BanxxHero BocToka (BB), MockoBckoro permoHa Poccuu (MP)

LlenTpanbHas Asus bavoxamit MocKoBCKHH pernoH p
Moxasarens (n=57) Bocrok (n=39) (n=31)
Me 4,27 1,83 2,74 PpEBysia<0,013
PMPysLIA :0,2 16
Q1—Qs3 2,29-10,55 0,86-5,5 1,13-9,5 Puibussn =0,443

IIpumeuanue:cm. Tabdm. 1.
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ConepxaHne HHKeNs B BOJOCaX CTYACHTOB W3
Mockosckoro peruona Poccun B 2,2 u 1,7 paza
MEHbIIIE, YeM B BOJIOCAX CTYIEHTOB W3 cTpaH LleH-
TpabHO Asmm (p<0,001) u bmmwxaero Boctoka
(»<0,041) cooTBeTCTBEHHO, & B BOJOCaX CTYJICHTOB
u3 ctpan bimknero Boctoka B 1,3 paza MeHbliie, yem
y cTyneHToB u3 ctpaH llenTpanproii Azum (p=0,118),
OTJIMYME CTaTUCTHYECKH HEAOCTOBEpHO. B Moue u
CBIBOPOTKE KpPOBM CTYIEHTOB M3 CTpaH bimkHero
Bocroka u LlenTpansHoit A3un copepkaHue HUKEIs
pasnnyaercs He3HauuTeapHO. CollepKaHne HUKENS B
MoO4Ye CTyAEHTOB U3 MockoBckoro pernoHa Poccun B
1,4 pa3a MeHbIlE, 4eM B MOYE CTYJCHTOB Kak W3
crpan LlentpansHoit Azum (p<0,001), Tak u bamxne-
ro Boctoka (p<0,001). Conep:xaHue HUKENS B CBHIBO-
pPOTKE KpPOBH CTYIECHTOB M3 MOCKOBCKOTO pErrHoHa
Poccuu mensblie B 2,6 pa3a, 4eM y CTYJEHTOB Kak W3
ctpan LentpansHoit Azum (p<0,001), Tak u bamkHe-
ro Bocroka (p<0,001) (Tabm. 4).

CopepkaHue 0JIOBa B BOJIOCAX CTYICHTOB U3
MockoBckoro pernona Poccum B 1,6 m 2 paza
Oomplie, yeM B BOJIOCAaX CTYAEHTOB U3 cTpaH Llen-
TpanbHOU Asum (p=0,112), oTau4me cTaTUCTUIECKU
HenmocToBepHO, 1 bimmxaero Bocroka (p<0,018) co-
OTBETCTBEHHO. B Boiocax CTymeHTOB H3 CTpaH
brnuxuero Bocroka conmep:xanue onosa B 1,2 pasa
MEHbIIIE, YeM y CTYAEHTOB U3 cTpaH LleHTpambHON
Azun (p=0,296), oTnu4mre CTaTHCTHYECKH HEOOCTO-
BepHO. B Moue cryneHToB u3 crpad bamxaero Bo-
croka B 1,3 pasza Gonpire, yeM y cTyneHToB llen-
TpanbHOU Azmm (p=0,282), OTINYHE CTaTHUCTUICCKU
HEJ0CTOBEepHO. B Mode cTyneHToB n3 MOCKOBCKOTO
pernona Poccum conepxanue omoBa B 1,5 paza
Oomplie, yeM B MoOYe CTYyAEHTOB W3 cTpaH LleH-
TpanbHOU Asmm (p<0,087), pasnmuaercs HE3HAUU-
TETHHO C aHAJIOTMYHBIMU TMOKa3aTeNsIMU Y CTyIeH-
TOB u3 ctpaH bmmwkaero Boctoka (p=0,711), oTim-
YHe CTATHCTUYECKH HEOCTOBEPHO (Tad. 5).

Tabamua 4. CoaepXXaHue HUKeAs B pAa3AuYHbIX BMOCyb6CcTPATAX CTYAEHTOB
u3 cTpaH LeHnTpaasHoi Asum (LLA), BauxxHero Boctoka (BB),
Mockosckoro pernoHa Poccum (MP)

Cy6erpar IMokasaters HenTpanbhas Booxunit MockoBckuit P
Aszus Bocrox peruoH
n 66 55 70 -
Bosocer, Mkr/T Me 0,69 0,53 0,31 pEBysiia=0,118 pmpysiia <
< 0,001 pmpyssB<0,041
Q1-Qs 0,304-1,08 0,217-0,885 0,181-0,588 PMPusbB
n 152 55 46 -
Moua, MKI/Mi1 Me 0,010 0,011 0,007 PBBysiia<0,003 pmpysiia <
< 0,001 pmpyss<0,001
Q1-Qs3 0,007-0,013 0,007-0,015 0,005-0,010
n 170 60 120 -
C
RIBOpOTEA Me 0,0022 0,0021 0,0008 PEBvla=0,451 pupusiia <
KPOBH, MKI/MJI
< 0,001 pmpvss<0,001
Q1—Qs3 0,0018-0,0047 0,0009-0,0050 0,0005-0,0011

IIpumeuanue:cm tabdm. 1.

Tabamua 5. Coaep>xaHue oAOBA (MKrF/r) B BOAOCAX CTYAEHTOB
n3 cTpaH LeHTpaabHoi Asum (LLA), BAuxxHero Boctoka (BB),
Mockosckoro pernoHa Poccum (MP)

TMokasarens HenTpansuas Asus bnmxanii Boctok MoOCKOBCKHH PErHOH p
(n=66) (n=55) (n=70)
Me 0,11 0,09 0,18 pBysiia =0,296 pmpysiia =
=0,112 pmpvsss <0,018
Qi-Qs 0,07-0,20 0,05-0,20 0,07-0,40

IIpumeuanue:cm 1abm. 1.
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OObenuHEHWEe  pe3ylbTaTOB  COJAEpIKaHUS
KpEeMHHUSI, BaHaAUs, HUKENd, OJIOBa U CTPOHIMS B
Tpex OmocyOcTparax (BOJIOCHI, CHIBOPOTKA KPOBH U
MoOdYa) 00CIeNyeMbIX M3 Pa3HBIX CTPaH MOXET JaTh
MIPEACTABIICHHE 00 OIpeneICHHBIX OCOOCHHOCTSIX
3JEMEHTHOI'O CTaTyCca y MKUTENs KaKJIOTO pEeruoHa.
Campble 3HaUUMBbIE Pa3IUYUsl B COACPKaHUU JIEMEH-
TOB HaOJIIONAIOTCA B MOYE U CHIBOPOTKE KPOBH.

Oco0eHHO BbIAENSACTCS COACP)KAaHUE BaHAAUS B
MOYe€: y CTyAeHTOB U3 MocKkoBCKOro pervona Poccuu
B 7,2 u 4,6 pa3a MeHbIIle, YEM Y CTYJIEHTOB U3 CTpaH
IlentpansHoit A3un u bimxkuero Bocrtoka cooTset-
CTBEHHO. B CBIBOpPOTKE KpOBH COIEP)KAHUE BaHAIMS
y cTyAeHToB U3 MockoBckoro peruona Poccuu B 4,7
u 4,2 paza GoJjplie, YeM Yy CTYACHTOB U3 cTpaH LleH-
TpaibHOM Asuu u brmmknero Boctoka cooTBeTCTBEH-
HO. Takke coaepaHue HUKENS B BOJIOCAX CTYICHTOB
u3 MockoBckoro peruoHa Poccun B 2,2 u 1,7 pasza
MEHbIIIE, YEM B BOJIOCAX CTYACHTOB W3 cTpaH LleH-
TpaibHOM A3un n bimknero BocTtoka cooTBeTCTBEH-
Ho. Kpome Toro, conepiaHue HUKENS B CHIBOPOTKE
KpOBH CTYJeHTOB M3 MocCKOBcKoro perrona Poccun
MEHbIIIe B 2,6 pa3a, YeM y CTYJEHTOB KaK M3 CTpaH
IlentpansHoit A3un, Tak u bivxuero Bocroxa.

C yderoM paHee MPOBOJUMBIX HCCIEAOBAHMI
[0 BBISIBJICHUIO CTPECCOBBIX PEAKIUIl y CTyAEHTOB-
WHOCTpAHLEB, OOYYalOUIMXCsl Ha TIEPBOM Kypce
PYH (Skalny, et al., 2019; Kupuuyk et al., 2019;
Rakhmanin, et al.,, 2020), MOXHO TPEATIOIOXKHUTS,
YTO M30BITOYHAS KyMYJISIIIUS SJIEMEHTOB, TAKUX Kak
KpEeMHH, BaHAIuil, HUKENb, OJOBO U CTPOHLUHI
BCJIEICTBUE 3arpsi3HEHHs OKpyXarolled cpenbl u3-
HayaJbHOT'O MECTa MPOXKUBAHHUS, BEPOATHO OKa3bl-
BaeT BIUSHUE Ha CIIOCOOHOCTh OpraHu3Ma ajanTh-
pOBaThCS K HOBBIM YcCHoBHUSM. briaronmapst mupoxo-

AUTEPATYPA

My CIIEKTPY MEXaHU3MOB TOKCHYHOCTH, JaHHBIC
3JIEMEHTBI MOTYT CHOCOOCTBOBAaTH POCTY 3aboiieBa-
€MOCTH U CHIXEHHUIO 3(deKkTuBHOCTH 00yueHHS Y
CTYJICHTOB-UHOCTpaHIeB, (Jaishankar, et al., 2014).

3AKAIOYEHUE

[TpoBeneHHbIH aHATN3 CBHICTEILCTBYET O TO-
BBIIICHHOW KYMYJSIUM HEKOTOPHIX 3JIEMEHTOB
(ocoOeHHO HHKeNs, BaHAAWUSA M KPEMHHs) B Opra-
HU3ME IEPBOKYPCHUKOB, MPHOBIBIINX W3 CTpaH
HentpanbHoii A3uu u bimkaero Bocroka no cpas-
HEHUIO CO CTyJIeHTaMH M3 MOCKOBCKOTO pErroHa
Poccun, a Takxke KyMyJISIIUKE CTPOHIIMS B OpraHU3MeE
MEPBOKYPCHUKOB, MPUOBIBIINX W3 cTpaH LleHTpanb-
HOU A3MH. DTO MOXXET OKa3bIBaTh HETaTUBHOE BIH-
SIHAE Ha COCTOSTHHE 37J0POBbSI M CLIOCOOHOCTH K 00Yy-
YEHHUIO CTYICHTOB-MHOCTpaHIeB. OTHAKO y HEKOTO-
PBIX U3 NPEJCTaBICHHBIX YJIEMEHTOB €CTh MAJIO U3Y-
YeHHbIe TeparneBTudeckue 3Pdextsl. HeoOxommumsl
JaTbHEWIINe WCCIeIOBaHUS BIMSHUS 3JIEMEHTHOTO
cTaTyca Ha 3[0pPOBBE JIIOJCH, KOTOphle MOTYT OBITH
MOJIOKEHBI B OCHOBY pPa3pabOTKW HOBOW CHCTEMEI
CKPUHHHTA U TPODUIAKTHKH.

KoHGAUKT nHTepecos

ABTOpBI JIEKIapUpPYIOT OTCYTCTBHUE SIBHBIX H
MOTEHIUANBHBIX KOH(JIMKTOB WHTEPECOB, CBS3aH-
HBIX ¢ ITyOIuKanuel HacTOSIIEH CTaThH.

BkAaaa aBTOpOB

Bce aBTOpBl MOATBEPXKIAIOT COOTBETCTBHE
CBOETO AaBTOPCTBA MEXAYHApOIHBIM KpPUTEPUSIM
ICMIE (Bce aBTOpbI BHECTH CYLIECTBEHHBIN BKIIaJ B
pa3paboTKy KOHIEMINH, TPOBEACHUE HCCIeJOBaHMS
Y MOJATOTOBKY CTaThH, IPOWIN U 0100pHIN (hHHANIb-
HYIO BEPCHIO TIepe]T Ty OJTNKAIHEH ).
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CONTENT OF SILICON, VANADIUM, NICKEL, TIN AND STRONTIUM
IN HAIR, BLOOD SERUM AND URINE IN STUDENTS
FROM CENTRAL ASIA AND THE MIDDLE EAST

E.Yu. Afanasyeva’?, M.Il. Pugachev’, S.E. Nikolaev', I.I. Lapin'3, A.R. Grabeklis'3

! National Medical Research Center of Cardiology named after academician E.I. Chazov, Ministry of Health of Russia
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2 RUDN University, 6 Miklukho-Maklaya St.
Moscow, 117198, Russian Federation

3 LM. Sechenov First Moscow State Medical University (Sechenovskiy University)
8, building, Trubetskaya street, Moscow, 2119991, Russian Federation

ABSTRACT. The work purpose — a comparative analysis of the content of silicon, vanadium, nickel, tin and
strontium in three biosubstrates (hair, blood serum and urine) taken from Russian and foreign students of the Peoples'
Friendship University of Russia (RUDN) in the first year of study and determination of the features of the elemental sta-
tus students from the Moscow region of Russia, countries of Central Asia and the Middle East during the period of their
adaptation to a new place of residence and study.

Materials and methods. The features of the elemental status of students from the Moscow region of Russia, the
countries of Central Asia and the Middle East during the period of their adaptation to a new place of stay and study
were determined. The method of inductively coupled plasma mass spectrometry (ICP-MS) was used for analysis.

Results. The analysis indicates an increased accumulation of some elements, especially nickel, vanadium and sili-
con in the bodies of first-year students who arrived primarily from the countries of Central Asia and the Middle East
compared to students from the Moscow region of Russia. In the future, this may have a negative impact on the health
and learning ability of foreign students. It should be noted that some of the presented elements have little studied thera-
peutic effects.

Conclusions. Further research is needed into the influence of elemental status on people's health, which can serve
as the basis for the development of a new screening and prevention system.

KEYWORDS: elemental status, hair, blood serum, urine, silicon, vanadium, nickel, tin, strontium, student.

For citation: Afanasyeva E.Yu., Pugachev M.1., Nikolaev S.E., Lapin LI., Grabeklis A.R. Content of silicon, vanadium, nick-
el, tin and strontium in hair, blood serum and urine in students from Central Asia and the Middle East. Trace elemets in medicine.
2024;25(1):32-39. DOI: 10.19112/2413-6174-2024-25-1-32-39.
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